1. Introduction {#sec1-nutrients-12-01874}
===============

Probiotics is a collective term used for live organisms (usually bacteria or fungi) that can exert health benefits on their host if consumed in sufficient amount \[[@B1-nutrients-12-01874]\]. Probiotic bacteria in fermented foods have long been a part of human nutrition but have been neglected in Western style diets \[[@B2-nutrients-12-01874]\]. At the same time, the global probiotic market has been booming, as consumers supplement their daily nutrition with products infused with probiotic microorganisms in an effort to nurture their gut microbiota \[[@B3-nutrients-12-01874]\]. Medical research has also adopted the idea of using probiotics to modulate the intestinal microbiome of patients in order to achieve a better prognosis \[[@B4-nutrients-12-01874]\]. Probiotics are used to prevent antibiotic associated diarrhoea, to treat gastrointestinal diseases, and to reduce the risk for allergies \[[@B5-nutrients-12-01874],[@B6-nutrients-12-01874],[@B7-nutrients-12-01874]\]. In recent reports, however, the use of probiotics came under scrutiny after a controversial study of experimental antibiotic-induced dysbiosis showed a delayed recovery of the autologous microbiome in probiotic-treated test groups. The authors showed that a multispecies probiotic might hinder the re-growth of microbiota by expression of antimicrobial peptides, such as regenerating islet-derived protein 3 gamma (REG3G), and therefore reduce the bacterial load in the intestine \[[@B8-nutrients-12-01874]\]. These characteristics were portrayed as the negative end of a trade-off to avoid antibiotic associated diarrhoea. However, in liver cirrhosis, where the microbiome is dominated by the loss of beneficial bacteria and an overgrowth of potential pathogens, which are linked to gut permeability and endotoxemia, a reduction of bacterial load and increase of antimicrobial strategies might be immensely valuable \[[@B9-nutrients-12-01874],[@B10-nutrients-12-01874]\]. Both the overexpression of Reg3G and the reduction of the intestinal bacterial load showed hepatoprotective characteristics in models of alcoholic liver disease \[[@B11-nutrients-12-01874],[@B12-nutrients-12-01874]\]. In cirrhosis, the reduction of the intestinal bacterial load is incorporated into clinical practice to treat hepatic encephalopathy and reduce the risk for spontaneous bacterial peritonitis \[[@B13-nutrients-12-01874]\]. Aside from the established antibiotic and prebiotic treatments, probiotics have also shown merit in the reduction of hepatic encephalopathy and infections in cirrhosis \[[@B14-nutrients-12-01874],[@B15-nutrients-12-01874],[@B16-nutrients-12-01874]\]. In addition, probiotics can hamper pathogen growth, decrease gut permeability and improve immune responses, which might also be beneficial for patients with cirrhosis \[[@B14-nutrients-12-01874],[@B17-nutrients-12-01874],[@B18-nutrients-12-01874],[@B19-nutrients-12-01874],[@B20-nutrients-12-01874],[@B21-nutrients-12-01874],[@B22-nutrients-12-01874],[@B23-nutrients-12-01874],[@B24-nutrients-12-01874],[@B25-nutrients-12-01874]\]. In fact, we have previously shown the beneficial effects of a multispecies probiotic on innate immune reactions and liver function \[[@B26-nutrients-12-01874]\]. Although probiotics have been extensively trialled for their effects on clinical outcome parameters, their impact on the composition of the intestinal microbiome is still mostly unexamined. One trial in cirrhotic patients with minimal hepatic encephalopathy showed a reduction in *Enterobacteriaceae* and increase in *Clostridiales Incertae Sedis XIV* and *Lachnospiraceae* abundance \[[@B27-nutrients-12-01874]\]. Another trial in decompensated patients with hepatitis B induced cirrhosis showed an increase in *Clostridium I* and *Bifodobacteria*, and a reduction in *Enterobacteriaceae* and *Enterococcus* \[[@B28-nutrients-12-01874]\]. However, no such studies have been done in compensated cirrhosis. Therefore, in this study we examined compensated cirrhotic patients before and after a six-month intervention with a multispecies probiotic to test its effect on the composition of the intestinal microbiome.

2. Materials and Methods {#sec2-nutrients-12-01874}
========================

Stool samples from cirrhosis patients from a previously published randomized, double-blind, placebo controlled study were analysed \[[@B26-nutrients-12-01874]\]. Originally, the study was conducted to test the effects of this multispecies probiotic on innate immune function with a distinct focus on neutrophil phagocytosis and oxidative burst, as well as gut permeability and bacterial translocation. There, 92 patients were randomized and 80 patients were analysed (44 in the probiotic group and 36 in the placebo group). This sample size was calculated based on an expected improvement in neutrophil phagocytosis of 25 percentage points and 20% dropout rate with an α of 0.05 and a β of 0.2. During the course of the study, a temporary increase in neopterin and neutrophil resting burst was observed, patients with decompensated cirrhosis showed an improvement in liver function. There were no significant changes in gut permeability or bacterial translocation. The study was conducted between July 2012 and September 2014 at the University Hospital Graz. Stool samples from this study (*n* = 58) were re-evaluated to analyse the effects of the probiotic on microbiome composition. Patients with any type of cirrhosis and willing to give informed consent were included in the present analysis. Patients with a Child-Pugh score of 7 or higher, alcohol abstinence for less than two weeks, clinical evidence for active infection, antibiotic treatment within seven days of enrolment (except for prophylactic treatment of spontaneous bacterial peritonitis), gastrointestinal bleeding within two weeks of enrolment, use of immunomodulating agents, such as steroids within one month of enrolment, concomitant use of pre-, pro- or synbiotics, renal failure with creatinine above 1.7 mg/dL, hepatic encephalopathy stage II or III, pancreatitis, other organ failure, hepatic or extrahepatic malignancies or pregnancy were excluded. As liver function was not well balanced in the original trial and microbiome composition can vary considerably with the severity of liver disease, only patients with Child-Pugh stage A were selected for analysis in the present study. The study was approved by the institutional ethics committee of the Medical University of Graz (23-096 ex 10/11), registered at clinicaltrials.gov (NCT01607528) and performed according to the Declaration of Helsinki. All coauthors had access to the study data and had reviewed and approved the manuscript.Patients received either a six-month intervention with a daily dose of a multispecies preparation containing 1.5 × 0^10^ colony forming units in 6 g of powder or a similarly tasting placebo, which consisted of the matrix without bacteria. The product consists of *Bifidobacterium bifidum* W23, *Bifidobacterium lactis* W51, *Bifidobacterium lactis* W52, *Lactobacillus acidophilus* W37, *Lactobacillus brevis* W63, *Lactobacillus casei* W56, *Lactobacillus salivarius* W24, *Lactococcus lactis* W19 and *Lactococcus lactis* W58 in a matrix of maize starch, maltodextrins, vegetable protein, potassium chloride, magnesium sulphate, enzymes (amylases) and manganese sulphate. These strains were selected because they showed beneficial effects to varying degrees on strengthening epithelial monolayers after an infectious as well as an inflammatory stressor, inhibiting mast cell activation, stimulating IL10 expression and decreasing endotoxin load in vitro \[[@B21-nutrients-12-01874]\]. This product is marketed as Ecologic^®^ Barrier in The Netherlands (Winclove, Amsterdam, The Netherlands) and as Omni-Biotic Hetox in Austria, Germany and Switzerland (Institut Allergosan, Graz, Austria). The study product was kept in consecutively numbered but otherwise blank sachets, so that patients, caregivers, investigators and outcome assessors were blinded to their content. Randomization was done by permutated blocks in a 1:1 ratio using Randomizer^®^ software Version 1.8.2/1.8.3 (Institute of Medical Informatics, Medical University of Graz, Graz, Austria).

Participants were asked to complete a self-administered food frequency questionnaire to document possible changes in dietary habits. All clinical parameters were taken from a previously published study and methodology is described there \[[@B26-nutrients-12-01874]\]. Physical activity was not controlled during the trial.

Before the intervention (Baseline), immediately after the end of intervention (Intervention/Placebo) and after a six-month follow up period (Observation), stool samples were collected and stored in sterile collection tubes at −80 °C. After all patients finished the study, DNA was isolated from the stool samples with the MagNA Pure LC DNA Isolation Kit III (Bacteria, Fungi) (Roche, Mannheim, Germany) according to manufacturer's instructions. Hypervariable region V1-V2 was amplified (primers: 27F-AGAGTTTGATCCTGGCTCAG; R357-CTGCTGCCTYCCGTA) and sequenced using Illumina Miseq technology (Illumina, Eindhoven, The Netherlands), as published before \[[@B29-nutrients-12-01874]\]. These sequence data have been submitted to NCBI Sequence Read Archive databases under accession number SRP132827.

Data from 58 patients at the three defined time points was analysed using QIIME 2 tools on a local Galaxy instance (<https://galaxy.medunigraz.at/>) \[[@B30-nutrients-12-01874]\]. Denoising (primers removing, quality filtering, correcting errors in marginal sequences, removing chimeric sequences, removing singletons, joining paired-end reads, and dereplication) was done with DADA2 \[[@B31-nutrients-12-01874]\]. Taxonomy was assigned based on Silva 132 database release at 99% operational taxonomic unit level with a Naïve Bayes classifier.

Microbiome analysis was performed on a non-summarized operational taxonomic unit (OTU) level. Chao1 index was used to quantify alpha diversity. A Bray Curtis dissimilarity matrix was the basis for redundancy analysis (RDA), non-metric multidimensional scaling (NMDS) and analysis of similarity (ANOSIM), all done in Calypso 7.14 (<http://cgenome.net/calypso/>). Gneiss differential abundance analysis and analysis of composition of microbiomes (ANCOM) statistics from the q2-composition plug-in implemented in QIIME2 were used to compare OTU abundances. Differential abundance analysis was based on correlation clustering (gneiss correlation-clustering) where Ward hierarchical clustering was used to cluster groups of OTUs together that were correlated with each other. Isometric log ratios were calculated and compared for subsets of taxa in order to obtain balances. At the end, the most statistically significant balances were examined to define what taxa constitute those partitions. Associations between the microbiome and clinical parameters were evaluated with Spearman-correlations and between-group differences were assessed with Kruskal-Wallis test and Bonferroni multiplicity correction, performed in SPSS for Windows Version 23 (SPSS Inc., Chicago, IL, USA). *p*-value \< 0.05 was considered to be statistically significant. Visualization was done in GraphPad Prism 6 (GraphPad Software, San Diego, CA, USA).

3. Results {#sec3-nutrients-12-01874}
==========

For this study, patients with compensated cirrhosis were selected from a well characterized cohort that underwent a six-month probiotic intervention and were then followed up for another six months without intervention \[[@B26-nutrients-12-01874]\]. In total, 58 patients were analysed, 26 were allocated to the probiotic group and 32 to the placebo group. Patients' characteristics are given in [Table 1](#nutrients-12-01874-t001){ref-type="table"}, enrolment is summarized in [Figure 1](#nutrients-12-01874-f001){ref-type="fig"}.

In total 10.998.425 and 14.107.620 sequencing reads were analysed in the probiotic and placebo group, respectively. After quality checking and denoising, the number of sequences was reduced to 6.967.396 in probiotic and 8.947.492 in placebo group. Around 17% of the reads in each group were not merged during the merging paired-end reads step. Approximately 20% of sequences in each group were chimera and therefore removed. Ultimately, 4.616.745 and 5.834.621 sequences per group entered the taxonomic assignment step, and an average of 60.746 ± 15.792 and 61.417 ± 30.305 sequences per sample were analysed in the probiotic and placebo group, respectively. Since diet is a potential confounder in the analysis of microbiome composition, patients' nutrition was monitored with a 36-item food frequency questionnaire; no changes in nutrition were observed.

3.1. Alpha and Beta Diversity {#sec3dot1-nutrients-12-01874}
-----------------------------

Alpha diversity did not differ significantly between probiotic and placebo treated patients before (Chao1: 317 ± 96 vs. 287 ± 70, respectively, *p* = 0.407) or after the intervention (326 ± 72 vs. 306 ± 59, respectively, *p* = 0.521). There were no significant changes over time within the groups ([Figure 2](#nutrients-12-01874-f002){ref-type="fig"}a).

Beta diversity remained stable throughout the intervention in both subject groups. Bray Curtis dissimilarity showed that microbiome compositions were comparable in both groups before and after intervention. The intra-individual distance between samples before and after intervention was similar in both groups, and significantly lower than the distance to other individuals ([Figure 2](#nutrients-12-01874-f002){ref-type="fig"}b). Accordingly, NMDS based on Bray Curtis dissimilarity and consecutive ANOSIM revealed no specific clustering of groups or time points (*p* = 0.516), as shown in [Figure 2](#nutrients-12-01874-f002){ref-type="fig"}c. RDA showed no significant correlation between the overall microbiome composition and probiotic intervention *p* \> 0.999 ([Figure 2](#nutrients-12-01874-f002){ref-type="fig"}d).

3.2. Taxon Comparison {#sec3dot2-nutrients-12-01874}
---------------------

Changes in unique OTUs were analysed using ANCOM and differential abundance analysis with Gneiss and were deemed of interest if a significant difference was observed between baseline and end of intervention as well as between groups at the end of treatment. While ANCOM did not show any differences between groups or timepoints, 11 out of 16,032 observed OTUs met these criteria when using differential abundance analysis with Gneiss in the probiotic group and none in the placebo group.

Three differentially abundant OTUs were identical with the sequences of the probiotic bacteria *Lactobacillus salivarius* W24, *Lactobacillus brevis* W63 and *Lactococcus lactis* W19/W58, which were ingested with the study product. Those OTUs were more abundant after the intervention in the probiotic group, while patients in the placebo group showed little to no abundance. In the probiotic group, increased levels were detected only immediately after the intervention, not at baseline or six months after the intervention had ended ([Figure 2](#nutrients-12-01874-f002){ref-type="fig"}e). The remaining probiotic strains ingested with the study product were not indicated in the a priori analysis. A separate search for these sequences showed that *Bifidobacterium bifidum*, *Lactobacillus acidophilus* and *Lactobacillus casei* remained on their endogenous levels, *Bifidobacterium lactis* could not be found.

Furthermore, an OTU identified as *Faecalibacterium prausnitzii* was significantly increased by the probiotic intervention, resulting in a significantly higher abundance after six months compared to the placebo group. It almost doubled in abundance and remained elevated after the intervention had ended. OTUs identified as *Syntrophococcus sucromutans*, *Bacteroidetes vulgatus* and *Prevotella* sp. showed steep increases during intervention and retreated after the intervention had ended. *Alistipes shahii* increased in abundance during intervention and further increased after intervention had ended ([Figure 2](#nutrients-12-01874-f002){ref-type="fig"}e).

*Ruminococcaceae UCG-014* decreased after the intervention and regained baseline levels six months after the intervention had ended. However, a drop in abundance of this taxon was also observed in the placebo group. A slight decrease in abundance of *Anaerostipes hadrus* was observed in the probiotic group, but this OTU was absent in the placebo group before and after intervention. *Dorea longicatena* was also identified as significantly altered; however, it was only present in four samples (two samples in the probiotic group before intervention and two samples in the placebo group after intervention). Intervention-independent longitudinal changes were observed that mainly included the increase or decrease of various sequences identified as *Bacteroides vulgatus*, a starch-utilizing bacterium.

3.3. Associations with Clinical Findings {#sec3dot3-nutrients-12-01874}
----------------------------------------

To assess clinical significance of the observed changes in the microbiome at the end of intervention, their associations with biomarkers of gut permeability (faecal zonulin, lactulose-mannitol ratio, and diamine oxidase), bacterial translocation (lipopolysaccharide, sCD14, and lipopolysaccharide binding protein) and innate immune response (neopterin, and resting burst by neutrophils) were examined. Correlation analysis associated changes in neopterin to changes in *Alistipes shahii* abundance (r~s~ = 0.354; *p* = 0.006), and changes in zonulin to changes in *Syntrophococcus sucromutans* and *Prevotella* sp. (r~s~ = −0.311; *p* = 0.018 and r~s~ = −0.285; *p* = 0.030, respectively). Accordingly, patients with an increase in *Alistipes shahii* after probiotic intervention show a significant increase in neopterin compared to placebo-treated patients and patients without that bacterial increase. Moreover, patients with an increase in *Syntrophococcus sucromutans* and/or *Prevotella* sp. showed a significant decrease in zonulin compared to placebo-treated patients ([Figure 3](#nutrients-12-01874-f003){ref-type="fig"}). Other biomarkers showed no significant correlation to the identified OTUs.

4. Discussion {#sec4-nutrients-12-01874}
=============

Our data show that after six months of probiotic intervention the probiotic strains *Lactobacillus brevis*, *Lactobacillus salivarius* and *Lactococcus lactis* were enriched in the stool of cirrhotic patients and the abundance of *Faecalibacterium prausnitzii*, *Syntrophococcus sucromutans* and *Alistipes shahii* (all short-chain acid producers), as well as *Bacteroides vulgatus*, and a *Prevotella* species were increased in the probiotic group at the end of the intervention. Changes in the microbiome correlated with changes in serum neopterin levels and gut permeability.

When efficacy of probiotic therapies is discussed, it is necessary to know whether the probiotic preparation in question can reach the intended target in the intestine. Probiotic colonization shows a very high inter-individual variability and the resident microbiome can oppose the introduction of exogenous bacteria \[[@B32-nutrients-12-01874]\]. Cirrhotic patients show a significantly reduced microbial richness and therefore a reduced colonization resistance \[[@B10-nutrients-12-01874],[@B33-nutrients-12-01874],[@B34-nutrients-12-01874]\]. This could lead to a more efficient integration of probiotic bacteria into the resident microbiome \[[@B8-nutrients-12-01874]\]. In liver cirrhosis, an increase in the abundance of probiotic bacteria after ingestion has so far only been shown in patients with decompensated disease, where probiotic bacteria may find more favourable conditions for colonization due to severe dysbiosis \[[@B27-nutrients-12-01874],[@B28-nutrients-12-01874]\]. In the present study, we demonstrated the transient enrichment of probiotic bacteria in compensated cirrhosis. Previous reports have shown that the enrichment of the microbiome with probiotic strains is dependent on ongoing administration \[[@B35-nutrients-12-01874],[@B36-nutrients-12-01874],[@B37-nutrients-12-01874]\] and our data confirm this, since we show that the abundance of probiotic bacteria regresses after probiotic therapy has been completed.

Probiotic intervention in our study was not associated with monumental changes in the composition of the resident microbiome whereas in trials with decompensated patients, changes in major taxa of the human microbiome, such as an increase in *Clostridiales* or a reduction in *Enterobacteriaceae* with probiotic therapy were observed \[[@B27-nutrients-12-01874],[@B28-nutrients-12-01874]\]. Changes observed in the present study were only found on OTU level and no major taxon significantly shifted in abundance. A possible reason for the different results of these studies might be found in the underlying health condition of the study cohorts. Compared to compensated cirrhosis, the microbiome of patients with decompensated cirrhosis is less stable due to various factors, such as medical treatment and hospitalization \[[@B9-nutrients-12-01874]\]. Therefore, probiotics might be able to induce larger changes in decompensated cirrhosis; however, in relatively stable conditions, big shifts in composition might not be achieved as easily.

Whether small changes in the microbiome are sufficient to induce clinical benefits remains unclear. We found correlations between the modulation of *Alistipes shahii* and the increase in neopterin, a macrophage-derived antimicrobial molecule that can induce reactive oxygen species production by neutrophils \[[@B38-nutrients-12-01874],[@B39-nutrients-12-01874]\]. This increase in antimicrobial strategies is consistent with previous reports that attest antimicrobial properties to probiotic strains or a boost of host derived immune responses to their ingestion \[[@B8-nutrients-12-01874],[@B25-nutrients-12-01874],[@B40-nutrients-12-01874],[@B41-nutrients-12-01874],[@B42-nutrients-12-01874],[@B43-nutrients-12-01874],[@B44-nutrients-12-01874]\]. Moreover, *Alistipes* species were found to be depleted in patients with liver cirrhosis and non-alcoholic fatty liver disease \[[@B10-nutrients-12-01874],[@B45-nutrients-12-01874]\]. An increase of *Alistipes* might signify an opposition to liver disease specific dysbiosis.

The increase of OTUs attributed to *Synthrophococcus* and *Prevotella* were correlated to a decrease in zonulin, an endogenous tight-junction regulating protein and is used as a biomarker for gut permeability, where high levels in stool or serum are indicative of a barrier dysfunction \[[@B46-nutrients-12-01874],[@B47-nutrients-12-01874]\]. Decrease in zonulin levels during probiotic interventions has been shown before in obese patients with type 2 diabetes with the same product as used in the present study, and in healthy trained men with a comparable multispecies product \[[@B23-nutrients-12-01874],[@B48-nutrients-12-01874]\]. Furthermore, the same product as in the presented trial showed a reduction of bacterial translocation in type 2 diabetic patients after a six month intervention and in postmenopausal women after 12 weeks \[[@B49-nutrients-12-01874],[@B50-nutrients-12-01874]\]. Our results suggest that the improvement of the gut barrier is dependent on intervention-related modulation of the microbiome. Further, improvements in clinical outcomes in other diseases might be linked to successful modulation of the microbiome \[[@B32-nutrients-12-01874],[@B51-nutrients-12-01874]\].

Besides the intervention-specific changes in the microbiome, OTUs that were identified as *Bacteroides vulgatus* showed fluctuations throughout the study in both groups. *Bacteroides vulgatus* utilizes starch as a primary substrate \[[@B52-nutrients-12-01874]\], and since these changes in abundance are prevalent in both groups, it is possible that this reflects a reaction of the microbiome to the product matrix, which consisted primarily of maize starch and was the sole ingredient in the placebo. Reactions to a product matrix should be a focus in future studies and considered in the product development.

Limitations: Although the analysed samples were from a randomized, double blind, placebo-controlled study, the inclusion in this subgroup analysis was based on liver disease severity. Accounting for the significant differences in the probiotic modulation of the microbiome between compensated and decompensated cirrhosis and the instability of the microbiome during decompensation at the same time would require a robust control group. Due to uneven dropout rates, such a control group was not available and patients with decompensated cirrhosis could not be selected for this analysis.

Furthermore, it should be noted that the differences in microbiome composition obtained by one method could not be reproduced by other statistical tools. Although the methods are not identical, they were both optimized for the identification of differentially abundant OTUs in compositional data. The controversial nature of their results might simply indicate that they are based on different algorithms and weigh specific characteristics of the data set differently. However, they might also indicate that the results are not robust enough to be identified by more than one method and need to be reproduced in future studies. Therefore, we encourage the careful deliberation of the results before interpretation.

5. Conclusions {#sec5-nutrients-12-01874}
==============

After a six-month intervention with probiotics, an increase in probiotic bacteria and other beneficial taxa in stool of compensated cirrhotic patients was evident. Most of these changes were not permanent, suggesting that ongoing administration might be necessary to achieve long-term effects in this patient cohort. Further studies are necessary to elucidate the clinical relevance of microbiome changes.
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![Probiotic modulation of the microbiome in compensated cirrhosis. (**a**) Chao1 index for probiotic- and placebo-treated patients before and after intervention and after follow up. (**b**) Bray Curtis dissimilarities within and between probiotic-treated (PRB) and placebo-treated (PLA) patients at baseline (B), after intervention (I) and at follow up (O). (**c**) Non-metric multidimensional scaling plot of probiotic (PRB)- and placebo (PLA)- treated patients before (Baseline) and after intervention (Intervention/Placebo). (**d**) Redundancy analysis for intervention and time point. (**e**) Differentially abundant OTUs at the end of intervention presented as changes from baseline in relative abundance for probiotic and placebo-treated patients. Bars represent mean and standard error.](nutrients-12-01874-g002){#nutrients-12-01874-f002}

![Associations with clinical outcome. (**a**) Changes in serum neopterin levels from baseline to the end of intervention of patients with increased *Alistipes* abundance (+), decreased or unchanged abundance (−), or placebo-treated patients. (**b**) Changes in faecal zonulin levels of patients with increased *Syntrophococcus* and or *Prevotella* abundance (+), decreased or unchanged abundance (−), or placebo-treated patients.](nutrients-12-01874-g003){#nutrients-12-01874-f003}

nutrients-12-01874-t001_Table 1

###### 

Baseline characteristics of patients according to allocation; data is presented as mean (±standard deviation) or count.

  Characteristic            Probiotics (*n* = 26)   Placebo (*n* = 32)   *p*-Value
  ------------------------- ----------------------- -------------------- -----------
  Age                       60 (±7)                 55 (±10)             0.08
  Gender (m/f)              17/9                    23/9                 0.78
  Child-Pugh score (5/6)    20/6                    24/8                 \>0.99
  MELD ^1^ score            10 (±3)                 10 (±3)              0.88
  PPI ^2^ use (yes/no)      15/11                   15/17                0.44
  Beta blocker (yes/no)     14/12                   16/16                0.77
  Antibiotic use (yes/no)   0/26                    0/32                 \-

^1^ Model of End-stage Liver Disease; ^2^ Proton pump inhibitor.

[^1]: These authors contributed equally to this work.
